This text aims to present the current state of the art of the e-learning systems that consider the student's affect. It presents the perspectives adopted by the researchers for the solution of the problems (for example, which kind of tools we might use to recognize users emotions) and also some better-known works in order to exemplify. It also describes the necessary background to understand these studies that involves some concepts on Artificial Intelligence, Computer in Education, and Human-Computer Interaction research fields, as also a brief introduction on the main theories about emotion. The authors conclude the chapter by presenting challenges and the main difficulties of the research in affectivity in e-learning systems and ideas on some new work on the matter.
INTRODUCTION
Due to the traditional dichotomy in the Western society between reason and emotion, which was inherited from Descartes' dualist vision of the mind and body, little attention has been paid to the role of the affectivity in cognition and learning. As it occurred in a real class, educational computing environments considered only the cognitive capacities of the student and his knowledge in order to make the system more customized to him.
Recent works of psychologists and neurologists have been pointing out the important role of the motivation and of the affectivity in cognitive activities, such as learning (Damasio, 1994) (Izard, 1984) . Psychologists and pedagogues point out the way that the emotions affect learning (Goleman, 1995) (Piaget, 1989) (Vygotsky, 1994) .
Due to this important role of the affectivity in learning, researchers of the Computer in Education field have studied techniques of Artificial Intelligence in order to turn the educational systems more customized also for the affective states of the student.
The field of Artificial Intelligence that researches about emotion in computers is called "Affective Computing". Picard (1997) defines Affective Computing as "computing that relates to, arises from or deliberately influences emotions". Following Picard (1997) , an affective (computational) system must have a few of the following capacities: (1) recognize, (2) express, or (3) possess emotions.
In order to adapt the system to the student's affectivity, the system should recognize the student's emotions. For example, when the student is disappointed with his performance, he will probably abandon the task. The system needs to know when the student is disappointed in order to encourage him to carry on studying and accomplish the task. This way, it is necessary for the system to have, besides a cognitive model of the student, an emotional one that takes into account the affective history of the student: all the emotions that he felt while using the educational system.
The educational system may express emotions as empathic teachers do in a real class. When they are able to show emotions they can motivate and engage the student in the learning, become amusing and promote positive emotions in the student which is an upswing for a more effective learning (Coles, 1998; Izard, 1984) . In order to transmit emotions, generally, the educational systems are represented by a lifelike character.
Several researchers believe that for a computational system to exhibit affective behavior in a coherent manner, they should also be constituted of models of emotions, which Picard (1997) referred to as "Emotion Synthesis". The system has a computational architecture that allows it to analyze the situations and events of the environment with some heuristics that are based on a human model of emotions. But the inclusion of an architecture of emotions must be well justified since the process of emotion synthesis turns the system substantially more complex.
In the next sections, first of all, we present an introduction about emotions and affectivity. In order to implement e-learning systems that are able to recognize, express and simulate emotions we need to know the main theories about emotion, what an emotion is, and also know the main psychological models of emotions that are used by the works on affective computing.
Afterwards, we begin the presentation of the current state of the art in affectivity in elearning systems. This section is divided in three sub-sections, which represent the main research interest of the scientific community: (1) inference of student's affective states, (2) expression of emotion by machine, and (3) simulation of emotion in machine. In each sub-section, we will present the perspectives adopted by different researchers for the solution of the problems (for example, which kind of tools they use to recognize user's emotions) and will describe some works which are best known in order to exemplify and clarify explanations. We will also present the background to understand these works that involves some concepts on Artificial Intelligence, Computer in Education, and Human-Computer Interaction research fields.
In the conclusion, we aim at presenting some considerations about the current state of the art, challenges and the main difficulties of the research in affectivity in e-learning systems. We end the chapter with the presentation of some ideas of new work on the matter.
UNDERSTANDING EMOTIONS
In order to better understand the work in affectivity and emotions in an intelligent learning system we need to understand what emotions are and the current state-of-the-art on psychology of emotions. We also present a brief history on the psychological research on emotion that will help to comprehend the investigations on emotion.
What are Emotions, Moods and Motivation?
Although the term "emotion" is popularly used for many phenomena of affective order, these phenomena should be denominated by the generic term "affective state" that can be seen as more wide-ranging, which also includes other states besides emotions, such as moods (Scherer, 2000; Frijda, 1994) . Emotions and moods are the two main kinds of affective states that have been taken into consideration in educational systems.
According to Scherer (2000) , emotion is the relatively brief episode on synchronized responses for most or all organic systems for the evaluation of an external or internal event as being of major significance. Some examples of emotions are anger, sadness, joy, fear, shame, pride, and desperation. Ortony, Clore and Collins (1988) propose a similar but more precise definition for emotions. According to them, emotions are valenced reactions to events, agents, or objects, with their particular nature being determined by the way in which the eliciting situation is constructed. According to this definition, surprise is not an emotion since it does not have a valence. Frijda (1994) considers that the emotion is an intentional mental state, because it is "directed toward" an object, its intentional object. For instance: I am angry with John, but I admire Nicholas.
Another kind of affective state is mood. It is a diffused affective state that consists in changes in the subjective feeling, of low intensity, but of long duration without apparent cause (Scherer, 2000) . Some examples of moods are: cheerful, gloomy, irritable, listless, depressed, and buoyant. Frijda (1994) considers that moods differ from emotions most strongly in not having an intentional object. Their causes are typically conceptual or evaluative (things are or are not going well).
As we can see, scientists try to differentiate emotions from other affective states; however, there is not a clear and unique definition for emotion. The emotion, which has been well studied, is differentiated from all other affective states through some of its characteristics, such as: brief response, result of an evaluation of an event, and others as we have previously seen.
The works on affectivity and education have also considered the motivation of the student. Student motivation deals with the student's desire to participate in the learning process (Ames, 1990) . According to Ames, students can have extrinsic or intrinsic motivation that determines the reasons for students to engage in learning.
Students that are intrinsically motivated are oriented toward developing new skills and abilities, trying to understand their work, improving their level of competence and learning new things (Ames, 1990) . When students are extrinsically motivated they believe that performance is important and want to show that they have abilities (Ames, 1990) . They feel successful when they please the teacher or do better than other students, rather then when they learn something new.
Researchers suggest that better learning occurs when intrinsic motivation (learning because it is interesting and useful) is emphasized over extrinsic motivators (learn because it will be on the quiz) (Meece & Mccolskey, 2001) . Students who are more intrinsically oriented tend to take on more challenging tasks, persist longer on a task, handle failure better, and use better learning strategies.
Nowadays researchers believe that motivation is sensitive to contexts and it can be fostered in the classroom. This way, a lot of works have been developed in the sense of fostering student's motivation to learn in educational computing systems (Bercht & Viccari, 2000; De Vicent & Pain, 2002) . Some of these works are described in the following sections.
The Different Theories of Emotions
In order to understand the current research on emotion, we present a summary about the historical root of psychological models of emotions.
One of the first studies about emotion was done by Plato around 430 BC. Plato suggested that the soul is a structure with 3 parts: cognition, emotion and motivation. Fifty years later, Aristotle discussed this division and suggested an interaction among the different components.
Around 1600, Descartes insisted on the dualist vision that separates the mind from the brain and the body (Damasio, 1994) . According to Descartes' conception, the rational soul, a distinct entity from the body, makes contact with the body through the pineal gland of the brain. Darwin (1965) studied mainly the expression of emotions in the face, body and voice. In his studies he evidenced that the emotional phenomena, particularly expression, can be found in different cultures. As pointed out by Darwin and more recently by Ekman (1999) , it appears to be a set of emotional facial expressions that are universal, that is, which represent the same emotion in different countries. This led to the birth of the theory of basic emotions. Actually, this model has been receiving criticism from researchers (Ortony et al., 1988 ) that believe it is vague.
William James (1884) believed that emotion is the perception of different corporal changes. It means that the emotion is a result of a corporal reaction to an event. We have an emotion because we perceive body changes. According to him, an emotion has a unique pattern of skeletal muscle and physiological changes, since our experience of emotion is a direct function of the feedback from the body. There is little evidence of the postulate of James, since there are different standards of responses for specific emotions.
Nowadays, scientists believe that the emotions are not just the result of corporal changes, but a composition of several components. They believe (Clore & Ortony, 1999 ) that the emotions in human beings are characterized by the presence of four main components: a cognitive component, a component of motivational-behavioral, a somatic component, and a subjectiveexperiential component. The cognitive component is the representation of the emotional meaning or the personal significance of some emotionally relevant aspect in the perceived world of the person. The motivational-behavioral component is concerned with inclinations of an individual to act on the construal (interpretation) of the world that these representations represent and their relation to what is actually done. The somatic component involves the activation of the autonomic and central nervous systems with their effect in the body. The subjectiveexperimental component is responsible for the part of "subjective feeling" and, therefore, it is more elaborated in human beings that try to label the emotions that they are feeling. This theory is known as componential model (Scherer, 1999) .
The current focus of the psychological research on emotion is the cognitive component of the emotion, mainly, the elicitation of the emotion through antecedent evaluation. According this approach, the emotions are elicited by a cognitive evaluation of antecedent situations and events; it means that the emotions are activated by an individual's interpretations in relation to the happy or irritating aspects of an event. This cognitive evaluation is called appraisal. This approach, which is known as the cognitive approach of emotion, has been influencing several works in affective computing. Based on this cognitive approach of emotion, there is a theory of emotions, the OCC model (Ortony, Clore & Collins, 1988) , that has been largely used for recognition of users' emotions in computational systems and for implementation of emotion in machine.
The OCC model is a theory that explains the origins of 22 types of emotions by describing the cognitive processes that elicit each of them. For example, the feeling of hope appears when a person develops an expectation that some good event will happen in the future.
Pedagogical point of view: Affectivity and Motivation in Learning
Some pedagogues, such as Piaget (1989) , Vygotsky (1962; 1978) , Goleman (1995) and John-Steiner (2000) , point to the importance of motivation and affectivity in learning. Pursuant to Piaget (1989) , the accelerating or disturbing role of the affectivity in learning is incontestable. For instance, a considerable part of students that are weak in mathematics fails due to an affective blockage. Piaget believes that there is no cognitive mechanism without an affective element. Affectivity motivates the intellectual activity. There is an intrinsic or extrinsic interest, a necessity. It is through the interest that we select our activities. Goleman (1995) has pointed out the way in which emotional disturbances affect mental life. He recalls the well-known idea that depressed, ill-humored and anxious students find a greater difficulty in learning. Izard's work (1984) shows that induced negative emotions damage performance on cognitive tasks, and positive emotions have an opposite effect. Coles (1998) presents other studies which showed that inducing a sad mood in very young children increased the time it took them to learn to respond to a task, and also increased their number of errors; opposite results were achieved by inducing happiness. Coles (1998) also highlighted other researchers' works that showed that young children identified as at risk in school completed math problems significantly more accurate under induced positive-mood conditions.
In one of his last publications (Vygotsky, 1994) , Vygotsky presents a new important concept introducing affectivity in learning: perezhivanie. The development of a child depends on the way that the child experiences a situation in the environment, that is "how a child becomes aware of, interprets, and emotionally relates to a certain event" (Vygotsky, 1994, p. 341) , in which Vygotsky called it perezhivanie.
Another basic factor to learning is motivation; therefore without motivation there is no learning. Motivated, students search answers to their problems and to satisfy their needs. According to Vygotsky (1962) , motivation is the reason of the action. It stimulates needs, interests, desires and particular attitudes of the citizens. Coles (1998) considers that as a teacher can contribute to the development of the student's cognitive abilities, he can also assist the emotional development of the child through guidance and support. As Coles points out:
"Fear of failure may be changed to feelings of self-confidence; motivation may change from low to high; intellectual insecurity may become confidence in one's intelligence. These transformations can occur through a teacher's scaffolding and guidance in the formation of new emotional states a learner can achieve and sustain by him-or herself." (Coles, 1998) 
HANDLING STUDENT'S EMOTIONS IN E-LEARNING SYSTEMS
As seen in the previous section, emotions interfere positively (when the student is motivated and has positive emotions) and negatively (when the student is depressed and badhumored for example) in the student's learning. Therefore, researchers in education believe that the educational environments would be more pedagogically effective if they had mechanisms to show and recognize the student's emotions. As empathic teachers do in their classes, these pedagogical environments should observe students, try to recognize their emotions and respond affectively to these students, giving them emotional support, motivating and encouraging them.
We can observe that the works in affectivity in the intelligent educational system can be divided in three main research interests: (1) recognition of user's emotions, (2) expression of emotions, and (3) emotions synthesis. In the next sections we describe some techniques used by these works to recognize, express and simulate emotions in the machine.
Recognizing and Modeling Student's Emotions
In order for an affective computational system to interact effectively with the student, it should recognize his emotions to respond to him appropriately. At present, we observe four main modes of user's emotion recognition: (1) voice (prosody) (Kopecek, 2000) (Tcherkassof, 1999) ; (2) observable behavior, i. e. user's actions in the system's interface (for example, chosen options and typing speed) (Bercht & Viccari, 2000) (De Vicente & Pain, 2002) (Jaques et al., 2004a; 2004b) ; (3) facial expressions (Ekman, 1999) (Wehrle; Kaiser, 2000) ; and (4) physiological signs (blood volume pulse, electromyogram -muscle tension, skin conductivity, breathing) (Picard et al., 2001) .
In recognition by physiological signs, Rosalind Picard, of the MIT media lab 1 group, achieved good results with physiological recognition on eight emotional states (neutral, anger, hate, grief, platonic love, romantic love, joy and reverence) with a success rate of about 81% (Picard, 2000) . These results were obtained through tests made with one person in the course of twenty days, spanning about 5 weeks. The signals used were: blood volume pulse, electromyogram (muscle tension), skin conductivity, and breathing.
These emotion recognition mechanisms, such as emotion recognition by the user's facial expressions, are composed of a hardware equipment which detects the physiological signs, and a software component that is responsible for decoding the information sent by the equipment. For example, Wehrle and Kaiser (2000) videotaped the user's facial expressions while playing a game and used the software FEAT to automatically analyze the recorded facial behavior.
We can recognize the student's emotions just by analyzing his facial expressions or voice, but, usually, the physiological sensors are not used as the unique mechanism to infer the student's emotions. Since they only yield some evidence on the arousal, valence and other information about the emotions, they are used as auxiliary mechanisms to infer the emotions more accurately, or together. Some examples of evidence detected by physiological sensors are (Conati, 2002; Picard, 1997): 1. Skin conductivity, which is a very good indicator of the level of arousal. 2. Heartbeat (measured from a heart rate monitor), which increases more in the presence of emotion with negative valence.
The emotion can also be inferred by the student's observable behavior, i. e, student's actions in the interface of the learning environment. In this case the system should reason about an emotion-generating situation and try to infer the user's emotion by using a psychological model of emotion. Some examples of observable behavior are: time to accomplish an exercise, success or failure in tasks, request or refuse help, etc. In such cases, generally the system predicts the student's emotions based on a cognitive psychological model of emotions, mainly the OCC model. The idea is to use the information provided by the psychological model in order to build an interpretation of a situation from the user's point of view and to reason about which emotion this interpretation leads to. For example, in order to infer the emotion happy according to the OCC model, the system reasons about the desirable aspect of an event based on goals and preferences of the student. If the student has as a goal to please his parents, to obtain a good grade in a task is a desirable event (situation) since it promotes his objective and, in this way, elicits positive emotions, such as joy. Pat (Jaques & Viccari, 2004a; 2004b ) is a pedagogical agent that infers the student's emotions by his observable behavior in a collaborative e-learning environment.
According to Paiva (2000) , although these mechanisms for emotions recognition differ, as they seize different expressions of emotion, they can be seen as being complimentary and part of a large multi-modal affective sensory system. Picard (1997) believes that the best recognition is likely to come from the combination of the different modalities and including not only low-level signal recognition but also higher-level reasoning about the situation.
In order for the system to respond appropriately for the user, besides recognizing the user's emotions, it must have a student affective model, which is called "affective user modeling" (AUM). Elliott and his colleagues (1999) define AUM as the capacity of the computational system to model the user's affective states. The affective user's model must be dynamic enough to consider the changes in emotional states since the emotion is seen as a dynamic process which happens in the form of episodes delimited in time (Bercht & Viccari, 2000) .
One first work that proposed the integration of affective modeling in an educational environment is that of Elliott and his colleagues' work (1999) . This work discusses on how to use the Affective Reasoner (Elliott, 1992) in the pedagogical environment Design a Plant of agent Herman (Lester & Stone, 1997 ) in order to model student's emotions. But the model was not implemented and they do not show how to identify the student's goals, which is necessary according to the OCC model in order to infer emotions. The authors assume that the user's goals and preferences that are necessary to define the outcome of the appraisal should be known. Conati (2002) propose a probabilistic model in order to infer student's emotions in an educational computational game. The model is implemented using Dynamic Decision Networks (DDNs) that are an extension of Bayesian networks. The model considers six emotions (joy, distress, pride, shame, admiration, and reproach) that are inferred using the OCC model. The DDN and Bayesian networks have been proved to be a powerful tool to model emotions since they allow to explicitly represent the probabilistic dependencies between causes, effects and emotional states, which enable to determine the student's emotions with more accuracy in situations that the user experiences a variety of emotions. On the other hand, it is difficult to define the required prior and conditional probabilities that are necessary in Bayesian networks.
De Vicente and Pain (2002) model the student's motivational states based on factors such as control, challenge, independence, fantasy, confidence, sensory interest, cognitive interest, effort and satisfaction, that are caught through the student's observable behavior. To determine which actions are indications of these affective factors, they observed recorded interactions in MOODS, an educational computing environment. Bercht & Viccari (2000) defined a dynamic affective model based on a Belief-DesireIntention approach (Bratman, 1990) that considers the factor self-confidence, independence and effort for detecting the motivational state of a student.
The Expression of Emotions in Machines
Due to the motivation aspect of lifelike characters, the systems have been enriching the interfaces with characters that exhibit facial and body expressions (Johnson et al., 2000; Lester et al., 1997b; Paiva & Machado, 1998 , Lester & Stone, 1997 . In Education, for example, some works use agents represented by lifelike characters for the presentation of pedagogical content to the student, doing demonstrations, with the aim of engaging the student and motivating him (Elliott et al., 1999; Paiva et al., 1999) . These agents are known as Animated Pedagogical Agents.
The Animated Pedagogical Agents are intelligent agents that have a pedagogical or educational role to facilitate or improve learning and which are personified by lifelike characters that interact with the student. These agents use multimedia resources to provide for the user an animated character with characteristics similar to the ones of living intelligent creatures. This way, differently from the conventional systems, the animated pedagogical agents communication has a more anthropomorphic and social nature. They exploit the natural tendency of people to engage in social interactions with computers, termed The Media Equation by Reeves and Nass (1996) .
As some examples of Animated Pedagogical Agents, we can mention the agents: Adele , Steve (Rickel & Johnson, 1998) , Vincent (Paiva & Machado, 1998) , Cosmo (Lester et al., 1997a) and Heman (Lester & Stone, 1997) . In Figure 1 we can see Adele and the educational environment where it exists: Graphical Interface for Medical Simulation.
Since they are represented by lifelike characters, the animated pedagogical agents become a powerful tool for the expression of emotions in machine. They can express emotions through face and body signals. For example, the animated agents Herman (Lester & Stone, 1997) and Cosmo (Lester et al., 1997a) have some emotional facial expressions and movements that are presented according to the interaction with the student. In order for a lifelike pedagogical agent to express emotions, they show animations composed of emotive facial expressions, body attitudes, and affective utterances. In such cases, the agent choose their behavior from a library of physical (attitudes) and verbal (speeches) behaviors, or it can generate them dynamically by 3D graphical algorithms.
Pat: An Animated Pedagogical Agent that has the Role of Providing Emotional Support to the Student Jaques & Viccari (2004a; 2004b) proposed an animated pedagogical agent, called Pat (Pedagogical and Affective Tutor) that has the role of providing emotional support to the student: motivating and encouraging him, making him believe in his self-ability, and promoting a positive mood in him, which fosters his learning. This careful support of the agent, its affective tactics, is expressed through emotional attitudes and by encouragement messages of the lifelike character.
In order to respond appropriately to the student, Pat recognizes the student's emotions joy/distress, satisfaction/disappointment, anger/gratitude, and shame, from the student's observable behavior, i. e. his actions in the interface of the educational system. The inference of emotions is psychologically grounded on the OCC model. The agent is composed by two main modules: the mind and the body.
The mind is responsible for the affective diagnosis and the selection of the affective tactics. The student's affective model and the mind of the agent are implemented in BDI. The BDI model describes an agent as an intentional system, i.e., having mental states of Belief, Desire and Intention (Bratman, 1990) . In order to infer the student's emotions, the BDI mind reasons, using the information from the OCC model that is provided for the agent in the form of beliefs, about which emotions a situation (an action of the student, for example, it provided an incorrect response for an exercise) leads based on student's goals and preferences.
The body is responsible for selecting, in the database of behaviors, an emotive attitude and speech for the tactic to be applied. In order for the agent to be believable, more realistic and less robotic, there are several physical and verbal behaviors for each type of tactic. The body was implemented in Java.
As we already said, the affective tactics of Pat, which are chosen according to the student's emotions, have the role of encouraging the student and promoting positive emotions in him. The work is based on the research carried out by psychologists and pedagogues who pointed out that positive emotions have a positive effect on learning (Coles, 1998; Izard, 1994) . Jaques & Viccari believe that this role of an affective tutor which cares about the student's progress in learning and that chooses the appropriate affective tactics in order to promote positive emotions in the student, which is better for learning, can be performed by Pat (Jaques et al., 2004b) . As show the Media Equation (Reeves & Nass, 1996) , people react socially to computer, although they think that they do not do it. (Jaques et al., 2004a; Jaques et al. 2004b ). The lifelike character was developed in Microsoft Agent (2002) . The character was designed based on a study made with psychologists and pedagogues. For the agent's speech, the Microsoft Speech API was used for the voice synthesizer.
As a case study, the proposed agent is implemented as the Mediating Agent of MACES (Andrade, 2001) : an e-learning collaborative environment modeled as a multi-agent system and pedagogically based on the Vygotsky socio-cultural theory (1962; 1978) . Emotion Synthesis ("Have" Emotions)
In some cases, to exhibit affective behavior in a coherent manner, agents are constituted of models of emotions which Picard called "Emotion Synthesis" (Picard, 1997) . We can observe a great interest from the research community in studying theories and architectures to obtain "machine emotions".
Many researchers discuss if computers can have emotions since emotions in humans are constituted of the integration of mental, cognitive, motivational and somatic components (Clore & Ortony, 1999) . In relation to this question, Picard (1997) says that the affective computing researchers refer to computer emotions in a descriptive sense, for instance, it is able to label its state in which it received much conflict information such as "frustration".
One of the first works that suggested the modeling of architecture of emotions in pedagogical agents is that of Elliott et al. (1999) . They proposed to use the Affective Reasoner Framework (Elliott, 1992; Elliott, 1997) to implement emotions in the lifelike pedagogical agent Steve. In the Affective Reasoner, the agents are able to generate emotions through a set of rules that follow the OCC model. According to the OCC model, the emotions are the result of a cognitive evaluation that an agent performs based on his goals and principles. In this case, the authors propose a set of goals and principles to Steve, which is the basis of the generation of emotion in Steve. For example, one of Steve's purposes is to engage the student. Steve will be anxious or depressed when the student is bored with the tasks in matter. As we can see, it is necessary for the agent to also infer the student's emotions.
Emotions synthesis can be used not only as a way to obtain more rational behavior, but also to make the lifelike agents more believable, i.e., more realistic. Thus, there are several researchers interested in developing emotional agents, such as the works of El-Nasr and his colleagues (1999) that are specifically interested in the use of emotions in order to increase the believability of lifelike characters. Other works are: Elliott (1997) , and Bates (1994) .
CONCLUSION AND FUTURE TRENDS
In this chapter we presented some of the works that are on-going in the area of Affective Computing, in particular the application of this research matter in teaching and learning systems that can also be applied specifically in web-based learning systems. Affective Computing is a recent research area, however, the results are very promising in the Artificial Intelligence area in general and in particular for Computer in Education.
As we have already seen in the works mentioned in this chapter, emotions play an important role in learning and, therefore, cannot be neglected by teachers or educational computing systems. However, to infer student's emotions in computational systems is not an easy task. For instance, we need a psychological model of emotions to ground it. The major challenge is to find a psychological model of emotions that can be implemented computationally. As explained before, a great number of the works mentioned in this chapter is based on the OCC model (Ortony, Clore & Collins, 1988) . This is due to the fact that this model was designed to be implemented computationally, unlike others. Yet in relation to the inference of the emotions, determining the emotions intensity by the student's observable behavior is a difficult and inaccurate task. We believe that the insertion of physiological sensors which detect bodily expressions of emotions can be used with the information inferred from student's observable behavior (based on a cognitive model of emotions) to determine the intensity of students emotions more accurately. The body sensors can be useful to identify when the student is feeling an emotion, the valence and intensity of these emotions.
It is important, just as well, to accomplish a deeper study concerning these physiological sensors in order to choose the one that gives more accurate information on student's emotions and their intensity. Despite the limitations in the detection of emotions and in the computational models for emotions representation, we strongly believe that this area improves the interaction process in a teaching-learning system. Concerning the affective model of the student, this model must be dynamic enough to consider the changes in the emotional states. Since the motivation and the affectivity of the student may vary in a very dynamic way (the student may not feel satisfied at a certain moment and feel more satisfied in another), the use of the BDI approach for the implementation of the student model shows to be very convenient, because it allows simple revisions and frequent modifications on the information concerning the student (Bercht & Viccari, 2000) . The student model is built dynamically from each interaction in real-time. Another approach, the Bayesian networks, has been proved to be a powerful tool to model emotions that are also inferred based on a cognitive model of emotions, since they allow to explicitly represent the probabilistic dependencies between causes, effects and emotional states, which enable to determine the student's emotions with more accuracy in situations that the user experiences in a variety of emotions.
When it comes to the expression of emotions by a machine, much work can be done in the sense of which messages and attitudes of encouragement an affective agent should apply. As there are not many works that show which affective tactics are best and should be applied, much research should be done in this sense, as, for instance, the studies and interviews made by Cooper (2000) and her group about empathic teachers. In order to design more powerful agents that express emotions, since they are generally represented by lifelike characters, it is necessary to work with a multidisciplinary team that comprises cartoon designers, psychologists, pedagogues, Artificial Intelligence and others.
Another future work that can be carried out is to extend the BDI model in order to also include personality traits, emotions, and moods. According to De Rosis (2002), this approach offers several advantages. One is that it opens the opportunity of driving consistent behaviors of agents from a model of their cognitive state: the system of beliefs, desires, and intentions may trigger emotions, regulate the decision of whether to show or to hide them, and finally, drive externalized actions. In such case, we are incorporating an architecture of emotions (emotion synthesis) in the agent in order for it to generate a more consistent and believable affective behavior. Jaques & Viccari (2004a) propose the extension of a BDI model and tool, X-BDI (Móra et al., 1998) , in order to implement emotion synthesis in Pat.
